0. Hydraulic Pumps

Positive & non-positive displacement pumps
Pumping action of pumps
Fixed & variable displacement pumps

Operation of gear, vane, piston pumps ¥
Flow rate delivered by pumps
Operation of pressure-compensated pumps

Efficiency: volumetric, mechanical, overall "*
Pump cavitation

Pump noise: sound intensity levels

Selection of a pump for a given application '»
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0.1 Introduction

Hydraulic Pump
B the heart of a hydraulic system
B converts mechanical energy into hydraulic energy
P SU3S0AN 2= 8 X = hydrostatic pump
E 2O UWIIA, XAl (positive displacement) B I
B &= cycle
S (80t=g), st 2= 2 ESEUHY), SAXE
Displacement (i Xl & =

the amount of fluid ejected per revolution
unit: cm3/rev, cc/rev, cm?3/rad, cc/rad

de 8 7
B OIAZO /2B JIXR &t R
EJIDILS UM B R (static) S& 0| Xl b

A
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0.2 Pumping action of a pump

Pump& && Cycle
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Pumping Theory: piston pump

E Principle

B a partial vacuum is created at the pump inlet due to internal
operation of the pump.
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0.3 Non-positive Displacement Pumps

P Hydrodynamic pump: S M2l velocity energy 0| &

B =5 low-pressure, high-volume flow application
E Max. pressure capacity: 250~300psi
B 5&: Centrifugal (impeller) pump, axial flow (propeller) pump

INLET

OUTLET

IMPELLER [MPARTS PROPELLER

CEMTRIFUNGAL FORCE
T CAUSE PURAPING
ACTIOM _ IMAPELLER
BLADES

CAJTLET

MFFUSER FRILET

AlaAL FLOWY CREATED
B RSTATIMG PROPELLOE
IMPELLER

CEMTRIFLIZAL (ISPELLERY TYPES SHIAL (PROPELLERY TYPE

aH
e

L Fluid Power S&ts=t
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Centrifugal Pump
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Centrifugal Pumps

Flow output is reduced as
circuit resistance is
increased.

centrifugal pump can operate
even when there is no
demand for fluid.

B no need for a pressure relief

valve to prevent pump
damage.

Z % : to deliver water to
homes and factories

Although dynamic pumps
provided smooth continuous
flow, their output flow rate is
reduced as resistance to flow
IS increased.

PRE

MAX. PRESSURE

MIN. PRESSURE

SSURE (p)
A

= FLOW(Q)

ZERO MAX.
FLOW FLOW

Fluid Power &<t
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Positive Displacement Pumps

Hydrostatic pump: =AM 2| pressure energy 0| S

ejects a fixed amount of fluid into the hydraulic system
per revolution of pump shaft rotation

E pump output flow is constant and not dependent on system

pressure.

Notice!

E Pumps produce fluid flow.

B Pumps do not pump pressure.

B The pressure is determined by the resistance to this flow.

B

The pressure will rise until some component breaks unless
pressure relief is provided.

pumps must be protected against overpressure
B pressure relief valve

e Fluid Power &<t
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Positive Displacement Pumps

F Advantages over non-positive displacement pumps

B High-pressure capability: up to 12,000psi (800bar)
E Small, compact size
B High volumetric efficiency
B Small changes in efficiency throughout the design pressure range
B Great flexibility of performance: wide range of pressure & speed
E Gear pumps E Vane pumps
B External gear pumps E Unbalanced vane pumps
B Internal gear pumps B Balanced vane pumps
B Lobe pumps
E Screw pumps

E Piston pumps
E Axial piston pumps
B Radial piston pumps

s Fluid Power &<t
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Fixed & Variable Displacement Pumps

F Fixed displacement pumps
B the amount of fluid ejected per revolution cannot be varied.

F Variable displacement pumps

B the displacement can be varied by changing the physical
relationships of various pump elements.

B this change in pump displacement produces a change in pump
flow output even though pump speed remains constant,

E vane pump, piston pump
E gear pump: fixed displacement only by geometrical necessity.

-11- Fluid Power -&5<t
_______________________________________________________________________________________________________________________________________________________|
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0.4 Gear Pumps

F External Gear Pump

B fixed displacement pump
B uses spur gear (teeth are parallel to the axis of the gear)

B are noisy at relatively high speeds

d. DUTLET PRESSURE AGAINST 3. AMND FORCED CGUT
TEETH CAIUSES HEAVY SIDE OF PRESSURE PORT &5
LOADING OMN SHAFTS A% QUTLET TEETH GO BACK 1M1
IMOICATED BY ARROWS, MESH.

DRIVE GEAR

2. OIL IS CARRIED ARDUND
HOUSIMG TN CHAMBERS IMLET

FORMED BETWEEM TEETH, 1. WACUUR, 15 CREATED HERE AS
HOUSIMNG A MND SI0E PLATES, ., TEETH UMWESH, OIL EMTERS FROM
RESERVEIR,

— Fluid Power &t =t




TT & O —

External Gear Pump

EXTERNAL GEAR PUMP AC

End Esc

Pause / Restart S

e Fluid Power &t =t
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Theoretical Flow Rate

E Volumetric displacement s
T
Vo =—(D," - D/ JL
A
LINEAR
RELATIONSHIP
1] = SPEED (N)
E Theoretical flow rate
QT (m3 / mln) :VD (m3 / reV)X N (reV/ m|n) (a) FLOVY WVERSUS SPEED CURWVE
PRESSURE (P) INTERMNAL LOSS
i I FLOWY
v
/'\"‘ ~__
B Volumetric efficiency W sorf el ! e e
Q
7, =<~ x100 0 A = FLOW (Q)

1
Q,

(b} FLOW VERSUS PRESSURE CURVE
AT CONSTANT PUMP SPEED

-14- Fluid Power -&5<t
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Internal Gear Pump

F Crescent Seal Type

. ~ & THROUGH THIE
1. OIL EMTERING HERE, .. PORT,

S0 TCO THIS POINT,
WHERE CORSTAMNT
MESHIMG CF TwWO
7. 5Y THE COMSTAMNT GEARS FORCES OIL. .,
WITHDRAWAL OF TEETH
CRESCEMT SEAL

OMN THIS GEAR,,,
IMNMER GEAR THTTTT
3. FROM THE 3PACES 4. 1% CARKIED 1N THESE
BETWEE™ THE TEETH OF SPACES |,

THIS IMTERMAL GEAR |,

<«Internal gear pump with built-in safety relief valve

-15- Fluid Power -&i=<f
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Internal Gear Pump

INTERNAL GEAR PUMP AC

/

End Esc

Pause / Restart S

e Fluid Power S&ts=t
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Internal Gear Pump

F Gerotor Pump

P i “ALE
GERDTGY ELEMENT “

FEMALE GEAR ROTOHR

DISCHARGE PORT ITILET POIRT

-17 - Fluid Power #&t3<t




F Lobe Pump

Internal Gear Pump

OUTLET

N\

N

1@

INLET

Fluid Power #&t3<t



Screw Pump

Screw Pump

Inlet Qutlet

w' Thrust Cage

Idler Rotor Balance Piétdﬁ_ N

Balance Cup Rotor Housing

s Fluid Power &t =t
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F External gear pump

2SI)|HA SSIAHIA=Z
ol s

OIHEE X2 JIH AIZ
B & 100bar O|LHS &0l A
A2

210bar X &= A2 Jts
A=, AS0| MG ¢S
el BHO ECE M £
== d ok S

Do DelEs, D20AM=E
ArE =2t

S SUHE oM = XI=S
SOt A&l HIHE 26t HE

o TTH o=

LIAt 38 =3
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Internal gear pump

2|0l dliol =52 WSOl

N2
=]

LH2l S &F D[S A= St
ooz NE3|XN 20|
140bar O|SHOI A AL
210bar K & AFE It s

Screw pump

RN BERII M

PP St
smooth flowE 0|8
SOt AS0| &S
Or&&0] 30, H WA
SO

Ay HIOLIJIS

70bar O[LHSl &=EUH AN AFE

220l
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0.0 Vane Pumps

F Vane pump operation

Cabd RIMNG SURFACE

2. 15 CARRIED ARCUND REIT IR o
RIMG 1 PUMPIMNG CHAMEERS A SIDE LOAD IS EXERTED
M BEARINGS BECAUSE
PUMPI NG s OF PEESSURE UMBALANCE .
ey ECCEMTRICITY

SHAFT

CIUTLET

-
I'-.ll

. DL EMTERS A5 SEACE :
ROTOR INCREAGES CEm e a0 AND IS DISCHARGED
Rt = / LR L A% SPACE DECREASES.
e
CASTIMG VA ES

#
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Simple Vane Pump

End Esc

Pause / Restart 'S
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Analysis of Volumetric Displacement

D.: diameter of cam ring (in, m)

Dr: diameter of rotor (in, m)

L: width of rotor (in, m)

Vp: pump volumetric displacement (in%, m3)

e: eccentricity (in, m)

€nhax. Max. possible eccentricity (in, m)

Vomax - Max. possible volumetric displacement (in3, m3)

= Fluid Power &= =t
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Pressure-Compensated Vane Pump

PRESSURE (p)
SLOPE DEPENDS

T ON STIFFNESS OF
PRESSURE COMPENSATOR h . l l PDEADHEAD COMPENSATOR SPRING
gfociwhfse %Tlt;gnase E_: AFHLE HRUST BLOCK Peutorr [~~~ 7777

PRESSURE RING

OPTION - 10 0
MAXIMUM DISPLACEM!

ADJUSTMENT (TURN
CLOCKWISE TO REDUC
MAXIMUM F LOW)

\ » FLOW (Q)

VALVE PLATE
COVER PLATE F

SPACER RING FIXES
CLEARANCE BETWEEN
ROTOR AND PLATES.

_24 -
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Vane Pump

F Balanced vane pump principles

RCOTATION CUTLET
IMLET N
CaM RING L

W HE

DTLET

CUTLET
|| IMLET DPPOSING PRESSURE PORTS
DRIVE SHAFT aHAFRT

ROTATION

_25-

cover—___ MES

PRESSURE PLATE

ROTOR

Hs&E feEa
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Balanced Vane Pump

End Esc

Pause / Restart S

s Fluid Power S&ts=t




TT & O —

Bio! WIo| =3

o
E Vane pump & & F Vane pump &&
B SE Ao ME0| B E MEAZ2LEI 27E
E vanel OI20] 2l st e+ E R B0 Mst
Motot Mot &8 2 utM O 2 38°CHI Al 150~300
P BIO RS0 HIGH a4t SUS
A=t &S B Q20 E0 F=IER
F JEOI L BIF 20
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0.6 Piston Pumps

Axial Piston Pump

B Swash plate design (AFHEA]) 1 AFEFS] 2F & (AFEF2ZD Ol 2] GF
HNAEE SLA2=Z 2=

B Bent axis design (AFS4): 2 F2 JISHE 2 (AIS2
IAES S22 13

=
1o

.-ﬁ-_‘l':*'-i' BEARIMNGE HAMNDLE
HOUSIMNG THRELUST ARD $1DE

SFHERICAL
WASHER T

PISTOM SHOE

BT PIMG TRANSMIT
Tl BPRING FORCE
o TOSPHERICAL
AOWASHER WHICH

It TURM HOLDS .’.‘:’_LI\JI'.JER / ]
SHOE PLATE BLOCK / UMIVERSAL  DRIVISHAFT
CEETRACTOR BIMG) BISTONM LIr:l_jK KEYS FLANGE
P BLOCEKE T
ouT. ORIYESHAFT
I =
APEHA NEN
_28 -
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Swash Plate Type Piston Pump

T O LHOE PLATE
(RETREACTIMNG RIMNG)

PORT SOMBMECTIOMNS

ASH PLATE

BEARIMG

WALYVE PLATE DRIVE SHAFT

SHAFT SEAL
EOTATIMG GrOUe HOUS MG

SPHERICAL
WASHER

PISTOM SHOE

-29.

FIPS TRAMSMIT
SPRIMG FORCE
T SPHERICAL

WASHER WHICH

I TURM HOLDES
PIETC R SHOE FLATE
(EETRACTOR RIMG)
SHOE FLATE ST
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Operation of Swash Plate Type Piston Pump

=, CYLINDER BLOCK, PISTON S0| 3/ &
d S IHVALVE PLATE), AHE(SWASH PLATE)2 1 &

5

SHOE PLATEO 2|6l PISTON SHOE= AHEHOIl & &

B =0| 5IMGH T8 PISTONS AMEH 9IS et 0| N XI0H, A8t 252 ld
HOIAN S2Eo2 22258 6.

2. AMND ARE FORCCD
WALYE FLATE 5L B I AT CUTLET

1
\ / BISTOM SUB-ASSEMZLY
s,
[
" |1

'\‘ S ALH PLATE

\ SHOE PLATE
CYLIMGER BLOCK BORE IRETRACTOHE BIMNG

T PISTOME WITHDRAEY
O BOEE AT IMLET

R Fluid Power S&ts=t
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Piston Pump Principle

End Esc

Pause / Restart ' S

el Fluid Power &t =t




Q = (No. of Pistons) x (Pistan Size) x (Pistaon Stroke) x (Drive Speed)

s Fluid Power &t =t
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Displacement of Swash Plate Type Piston Pump

2 I O| g Xl = = (displacement) 0| &t?
- CHR S ™Y EE0t= ME(0I2)
Ooted X A

-ESE /ML (AE):. 2A EEYY, A A

VP = %ﬂ'Dé DCYL tan CZZP F | Jalc] % g
F :,,\.._l
V,:18] A S E 2 -2 (em® / rev) L
D, : piston?] 73(cm) il ' Al

Dy, : cylinder block piston 2] 7J(cm)
o AV A2

Z,: piston<T%F

e Fluid Power &%=t
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Variable Displacement Version of Piston Pump

YORE PVOTE TO CHAMGE

SWALH PLATE AMGLE
COMPEMNSATOR I||
SEAFT 3EAL

BEARIMC

HRT
COMMECTIONS

WALWE PLATE

ROTATIMNG GROUP

PINTLE I\
_ SWASH  DRIVE SHAFT
HOUSING g aTE

B Fluid Power S&ts=t
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Operation of Variable Displacement Piston Pump

P OIH 22 HI(Variable displacement pump)
E AT E= AMF2 JI20HE 258 M

I H2% HI(Fixed displacement pump)
B AR E= AFEO| IS0 2SI DE

STROIKE -
LESNIGTH

;g
5; ﬁ L
\ £\ /

(]
S TN W ASH DECREALSED 2WASH ZERC WA
FLATE AMCGLE FLATE AMGLE PLATE AMIGLE
CRASKEIMUN DISPLACEMERNTY (PASTIAL DISPLACEMEMNT) (ZERD DISPLACEMERT)

N Fluid Power &&=t
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Pressure-Compensated Piston Pump

2. COMPEMSATOR SPOOL
FORTS OIL TD PISTSMN WHEM
PREZZURE SETTIMG |5 REACHED,

A, ADJUSTMEMT SFRIMNG
SETS COMPEMNSATIMNG

YOEE PRESSURE .

DREAIN TD CASE

LOAD PRESSURE

3. YORE ACTUATIMG PISTON
RESPOMDS T COMNTROL FROM
COMPEMSATOR TO REDUCE

DL FLOW FROM PURMP,

1. WOXE RETURMN SPRIMG
M ERALLY HOLDS PUMP
AT FULL DISPLACEREMT.

e Fluid Power &t =t




Operation of Pressure Compensated Pump

F Maximum Flow E Zero Flow

Fluid Power #&t3<t




Pressure Compensation

—¢
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Bent—AXxis Type Piston Pump

=, CYLINDER BLOCK,
PISTON S0| & &

94 & IHVALVE PLATE)S D&

=2 250l PISTON2|
HHSBII =2 SA0 N

B =0| 2 86t &I PISTONZ & 0|
et =0 AU s2ate =z
F=ESS et

-39 -
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UNIVERSAL LIE

PISTOMN BOD
CYLINDER BLOCK

LT
PISTOMN ST

CILFORCERD TS
DUTLET &5 PISTOM
|5 FUSHED BACK
[T CYLIMDER

PISTOM 15 WITHDRAW| NG
FROR, BORE AT [MLET

I
FROM IMLET

AOTATIMNG SHAFT CALSES

ME TO RECIFROCATE
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Variable Displacement Bent—Axis Piston Pump

AR PIETOM STROKE
'y

WAKIMUM ANGLE

LESS AMGLE

MO AMGLE

CYLIMEGER
BLOOCK

i
PISTOHM
BRIVE SHAFT

aveY

YORE Can B
POCSITICNED TO
VARY DISPLACEMENT

!

WALYE PLATE \

o \,‘-_?‘_-.._ |I:_‘:. ] i
e T o B
1 TR T
A b .
| L T
IR S & i
5

4 — ﬁ,_'} |
B i
|
I [

UMIVEREAL LIME

CYLIMDER

FLAMGE
YORKE HOLDIMG

P

DEIVE SHART

YORE STROKING
CYLIMNDER

- 40 -
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Variable Displacement Piston Pump with Handwheel

VALVE PLATE o croNs OUTLET FLANGE

OUTLET FLOW
OUTLET PINTLE

INLET FLOW
YOKE
DRIVE SHAFT
VALVE
BLOCK —S— INLET PINTLE

ACTUATING CONTROL

SRENIPRIEDEEITE (HANDWHEEL TYPE)

i Fluid Power &%=t
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Radial Piston Pump

E 2ed =52 2d R0l e, 2 M deltgd U8 delfglz =
EIRHEEE0] Jts

B 20bar Ol &2 DAEUH =2 AIE

E a3, 4EELE Ed AIE

CEMTEELIME —
! o CYLINDER BLOCK
CEMTERLIME

CQLTLET
FIMTLE

PIETOMNS

CYLIMDER BLOCK

[MLET

REACTION RING

e Fluid Power &= =t
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Volumetric Displacement & Theoretical Flow Rate

0. offset angle (°)

S: piston stroke (in, m)

D: piston circle diameter (in, m)

Y: number of pistons

A: piston area (in?, m?)

N: pump speed (rpm)

Q-: theoretical flow-rate (gpm, m3/min)

tan(&) :% S = Dtan(8)
V, =YAS = YAD tan(6)
Q. (m’/min) = DANY tan(0)

-44- Fluid Power -&5<t
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IHEE0| s

2=0| =Ch
ENSE:97T%
HS=:90%

1 E: 200bar

Hl| o1 &

23|, MEE

JtA 0| gl MkCh

H IS AS0| &lotCh
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IHII EAI
O— .o
EOAREHA

E HwWHE DS M0 HE
E 0I=5E S0l &0

E AFSA0 "o A0 2+E

E AISA

B XZHIE0| 20l =C

E =& &40 AL

EAEA B0 S0l &=

it

C

-45- Fluid Power -S&f3=t




TT & O —

0./ Pump Performance

HH Xl € & Displacement

B U ™Y EEot= MAE(0I2)
EESE /ST (AE)

B XAESUY 38 85 LA

AFE 9 m3/rad cc/rev

M2iotel 4ol I EX
MASHAC: HAAHOR AR 2F IHsB &H A
JIZ0| €l S /A

DuE ESote: AL I} 5185t E5YHO

% A X

A

1
el Fluid Power &<t




Pump /130ll E

Mechanical power supplied to

pump
H.=Tw

Hydraulic power delivered by

PRI H, =PQ

St Torgue

P : pressure rise across the pump

Q : delivery rate

< BAAMOREH

TWv:PQm:Ppr

T, =PD,

TT & O —

o17] 41D, : 8 Z vl A -&-A[m3/ rad]

_47 -
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Torgue &4

F Viscous Damping Torque: Fluid shear0| 2|t &4l
T,=B,0=C,D, uw
B, =C,D,u: Damping coefficient
C, : *F¥ Damping coefficient
AT A=

0
iy
[

E Coulumb Friction Torque: £ ES-0t&EE 0 &

T, —‘ ‘ D, (P, +P)

C;: U 5 mpzE A S

I Seal Friction Torque: shaft seal Off A 24

oL
] *

-48- Fluid Power -S&f3=t




Pump Efficiency Measurement

E Volumetric efficiency (7, ): =
E 280 2SS, Z5IHME =

=T —/,
P UABINO2 BX 582 90%

i e
X

4

.*
SEEXNEE

A

Ct.

S~
~
~
S~
~

-49 -

Fluid Power #&f==f



o TTH o=

Pump Efficiency

F Mechanical efficiency (n,, ): Ot & 1t 28
B 220 =25, 52 EE=SJ|HasE U
B OtE 2
. OJE FQ EA(T,)
"TAR SRR (T) pd | Qout

where ,
DP
AT = =2 (C,uw +CP,)
27
Cy.C, i FA 9 wmpzAS

U Fluid Power -S&f3=t
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Pump Efficiency

Overall efficiency (7, )
FOUX 2SS QoiAeE BS20| IHE ES LHY ZTUAM =2
A Sot= A0l £L.

e Fluid Power &&=t




Pump Efficiency Measurement

F Terms involving pump mechanical efficiency

SHAFT
COUPLING

ELECTRIC
MOTOR

OlL LEVEL :
N

- =
R
L SR S TS .
Lue et
e
" SRS
B R .\,.g
o e s
X Sl el
e e
o D e R
s
RS O S e
i Ao
¥ : T
e
i e e e
Gk i R
i :: o R
) i et SR
e W S
i o
o i (R R
hey et o R
i oo e, L
e -\..-\.-\..--ﬂ-? TR b,
R R SRR
e R -
T e 8
Rt e S
R 1) o

OIL TANK
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Performance Curves of Piston Pump

6-in3 variable displacement
pump

Pressure Level
E 3,000psi
E 5,000psi

-53 -

PUMP INPUT (HP)

QOVERALL EFF

300

200

g
PUMP OUTPUT (GPM)

3000 PS| —

80

TO

60

Py o ; PR 110
L] ] | [ T T T | ’
s T T t T T
VOL EFF 3000 PSI . !
x_ ! | 195
| I [ |
EFF 5000 PSI —| at
L] w B
| == T = &
- —~a.] -~ w
| /’—l—// l ik, l (=]
| il # [ TR o
Lo { = {8s
T | I
1
- I
e
s ‘ OVERALL EFF 5000 PSI 80
| \ 1T 1 1 I
THESE CURVES INCLUDES LOSSES FROM INTEGRAL
SERVO/CHARGE PUMP 8 TRANSMISSION VALVE PACKAGE
| _ |
{ I
|
|
OUTPUT GPM
| 5000 PSI
5000 PSI

30

20

1000 1500 2000

2500 3000

PUMP INPUT SPEED (RPM)
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MSCHARGE FLOW

EFFICIENCY

40

&

GPM
=

80

Al

/ 50)
= 40

Vi ]
PR30 YA

PR40 / / ok

‘#fd’gi"ﬂ," EEL? 20

7 5

/ PR24 %
Jff’f,d & 10

o =
0
/ e (2000 PSI|
S00 1000 1500 2000 2500 3000
FUMP SPEED - RPM
—_—
VOLUMETRIC
_~T  OVERALL
-
(2000 P51
L
0 500 1000 1500 2000 2500

PUMF SPEED - RPM

_54 -
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Performance Curves of Radial Piston Pumps

T
PR40
PR30 !\
t
PR24
(2500 RPM)
500 1000 1500 2000 2500

DISCHARGE PRESSURE - PSI

‘PR24: 2.40-in3 displacement
-PR30: 3.00-in3 displacement
-PR40: 4.00-in3 displacement

Fluid Power &%
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Performance Curves for Vane Pump

F Performance curves for variable displacement
pressure-compensated vane pump at 1200rpm

Model VVB020 1200 RPM

100 p——— Ly

a0 Volumetric efficiency[ | —————___| "

80 ~t1—0Overall effici — ;
= — verall efficiency
g _ 70 = = I e
OF ol SE
Uj. > 99 k/ %I
oL / —_
;’5 50 -—Inpgt pOwer, max. - 5 i
E;f_:) 40 dmpface/ﬁinl/ 4 33 i
zl 5o 1 Effective output flow 3 oo
£ e il I S

20 - How rate = 2

L~ \ power, 7870 1O 2 =2
10 ] jnput POC S All other 1
| | C |t:lcmtrols cqntrcls
0 0— 0
0 25 50 |75 100 125 150 175
(IJuHet preasulre(bar)

PSI O 500 1000 1600 2000 2500
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Comparison of various performance factors

PRESSURE | SPEED OVERALL HP FLOW COST
PUMP RATING | RATING | EFFICIENCY | PERLB | CAPACITY | (DOLLARS
TYPE (PSI) (RPM) | (PER CENT) RATIO (GPM) PER HP)
EXTERNAL GEAR 2000~ 1200- 80-90 . 1-150 4-8
3000 2500
INTERNAL GEAR 500- 1200- 70-85 2 1-200 4-8
2000 2500
VANE 1000 1200- 80-95 2 1-80 6-30
2000 1800
AXIAL PISTON 2000- 1200- 90-98 4 1-200 6-50
12,000 3000
RADIAL PISTON 3000- 1200- 85-95 3 1-200 5-35
12,000 1800
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0.8 Pump Noise: Common Sound Levels

[unit: dB]
140 Jet Takeoff at Close Range
130 Hydraulic Press
Threshold of Pain 120 Nearby Riveter
Deafening 110 Amplified Rock Band
100 Noisy City Traffic
Very Loud 90 Noisy Factory, Gear Pump
80 Vacuum Cleaner, Vane Pump
Loud 70 Noise Office, Piston Pump
60 Average Factory, Screw Pump
Moderate 50 Average Office
40 Private Office
Faint 30 Quiet Conversation
20 Rustle of Leaves
Very Faint 10 Whisper
0 Threshold of Hearing
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Pump Noise as a Performance Parameter

F Data showing effect of changing size, pressure, and
speed
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